Biofiltration has proved to be a useful system to treat combined sewer overflow (CSO). The study presented uses numerical simulation to detect the critical operating conditions of the filter.
INTRODUCTION
Biofiltration approved to be a useful technology for decreasing the impact of combined sewer overflows (CSOs) on receiving waters. Main objectives for enhanced CSO treatment by biofiltration are (1) reduction of suspended solids and associated substances by filtration, (2) reduction of soluble pollutants by sorption and subsequent biological degradation and (3) detention and reduction of peak flows (e.g. Uhl & Dittmer 2005) . The combination of the essential sedimentation tank and biofiltration unit is also termed as subsurface vertical flow constructed wetlands or retention soil filter . The stochastic nature of rainfall leads to extreme conditions characterized by long inundation times after runoff events and partly very long dry periods in between.
Soluble and particulate pollutants are sorbed or filtrated during an inundation event and degraded in dry periods under aerobic conditions. The filter materials as well as the filter velocity influence the elimination of degradable pollutants like COD, ammonium and phosphorous (Dittmer 2006; Henrichs et al. 2006; Wozniak 2006) . To avoid acidic conditions a minimum content of carbonate in the filter material is required (Uhl & Dittmer 2005 ).
This study focuses on ammonium elimination by biofiltration. Due to the possible fish toxicity when converting into ammonia, ammonium proved to be one of the most important parameters in CSO.
Numerical simulation will be used to increase the understanding of the coupled processes sorption and degradation which have been regarded to be the important processes during ammonium elimination. The main objectives of this study are the detection of critical operating conditions of the filter regarding (i) maximum inundation times without re-aeration, (ii) maximum ammonium loads before a breakthrough takes place and (iii) first estimates on the regeneration time a filter needs for degradation of the sorbed pollutants under aerobic conditions. A 5 cm layer of gravel (2-8 mm) above the sand protects its surface. Figure 1 shows 
Tracer experiment
After saturation of the soil column a tracer (uranin) was added to the supernatant water level above the surface.
The effluent concentrations of uranin were measured by optical fibres technology (MKT 2 from Sommer Measurement and System techniques).
The multi-component reactive transport module CW2D
The multi-component reactive transport module CW2D According to Simunek et al. (1999) adsorption in HYDRUS-2D is described by 
The time dependency of adsorption is described by the concept of two-site sorption. Sorption is instantaneous on one part of the exchange sites whereas on the remaining sites it is considered to be time-dependent. The two-site sorption is described by (Simunek et al. 1999 ) 
Simulation approach
According to the objectives of this study a calibrated and validated model is needed. The calibrated parameter set should be validated by using a split sample test. This means that the parameters are transferred to other data sets with 
RESULTS

Model setup and boundary conditions
For the simulations a 2D finite element mesh with 282 nodes und 372 elements was generated ( 
Calibration and validation results
It is generally agreed that the amount of microorganisms decreases with the depth of the filter (Wozniak 2006) .
The biological active layer has a height of approx. 30 cm.
For the simulations of the lab-scale experiments initial concentrations for the autotrophic bacteria were chosen according to (validation events). 
Operation scenarios
The calibrated and validated model is used for simulating different scenarios. The 12 simulated scenarios are listed in Table 3. The table shows . Increasing influent loads as well as increasing throttle outflow rates lead to declining efficiencies (Table 3 ). The inundation time has only a minor influence on simulated effluent loads. 
CONCLUSIONS
It is generally agreed that ammonium is retarded by sorption during an event and nitrified during dry periods in biofilters for enhanced CSO treatment (Uhl & Dittmer 2005; Henrichs et al. 2007) . The simulation results also showed that nitrification takes place during saturation of the filter. Still, sorption processes play a major role in removing ammonium from CSO by biofiltration. However, the comparison of simulated and measured effluent concentrations of nitrate showed that there is a need for further investigations mainly due to the uncertainties in the degradation process during dry periods between the loadings. Further work will concentrate on long-term simulations with alternating events and dry periods.
Calibrated and validated models can be regarded as very useful tools for further planning of experimental setups in lab-scale studies as well as full scale investigations.
